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Sena, JA 6 G5/Luc. The HIF1αTM-Flag, HIF2αTM-Flag, HIF1αDBD-Flag, HIF1αDBD/VP16TAD-Flag, 121 and USF expression plasmids were described previously (18, 20) . The HIF1αDBD/E2F1TAD- Cytoplasmic RNA Purification Kit (Fisher BioReagents, BP2805-25). cDNA synthesis was 145 performed and ADM FL and ADM I1-3 mRNA stability was measured using RT-qPCR.
146
ADM splicing reporter assay. ADM splicing reporter assays were performed in Hep3B cells Protein Analysis. Whole cell lysates were prepared and quantified for protein concentration.
152
Western blot analysis was performed using standard protocols with the following primary experiments were performed at least three separate times.
172
Results
173
Hypoxia preferentially increases fully-spliced ADM transcript levels in various cell-174 lines.
175
The ADM gene was reported to produce two isoforms, one isoform devoid of introns 176 (ADM FL) and a second isoform in which the third intron is retained (ADM I3) (17). To (Fig.1A, I1-3) , a transcript in which intron 1 was included (Fig. 1A, I1 ), 184 and two minor isoforms in which intron 2 was included (Fig.1A, I2 ) and a previously reported 185 intron 3-containing isoform (Fig. 1A, I3 ) (17). Interestingly, hypoxia induced the levels of ADM either the AM or PAMP peptides due to a premature stop codon in introns 1 and 2 (Fig.   217   1D ). After establishing that hypoxia increased the expression of the ADM FL transcript, 218 western blots for the AM peptide were performed. As expected, high levels of HIF1α and
219
HIF2α proteins were detected in hypoxic but not in normoxic Hep3B cells (Fig. 1E) .
220
Importantly, the ADM precursor (pro, 22 kDa) and the AM peptide (6 kDa, doublet likely due 221 to post-translational modifications) derived from the ADM FL transcript were detected under 222 normoxia. Interestingly, hypoxia significantly increased the levels of AM peptide (Fig.1E, The increased ADM FL/I1-3 ratio is due to RNA splicing but not due to differential RNA 228 stability.
229
Intron-retaining transcripts frequently contain premature termination codons and are 230 targeted for nonsense-mediated decay (NMD) (22, 23). As stated above, ADM I1-3, I1, I2, 231 and I3 transcripts contain premature stop codons in introns 1, 2, and 3. These intron-retaining 232 ADM transcripts are predicted to undergo NMD when they are exported to cytoplasm, which 233 might explain why they exhibit lower induction under hypoxia. To test this, Hep3B cells were 234 placed under hypoxia for 16 hrs to increase the levels of both ADM FL and I1-3, followed by Sena, JA 11 significantly from 2-8 hrs following actinomycin D treatment ( Fig. 2A) . Interestingly, we 241 found that the mRNA stability of ADM FL did not significantly differ between normoxia and 242 hypoxia at 2, 4 and 8 hrs ( Fig. 2A) . However, hypoxia reduced the stability of ADM I1-3. For 243 instance, ADM I1-3 was reduced by 82, 83, and 84% at 2, 4, and 8 hrs, respectively under 244 normoxia but was reduced by 91-93% under hypoxia at 2, 4, and 8 hrs ( Fig. 2A) suggests that the hypoxia induced increase of the ADM FL/I1-3 ratio is not due to preferential under normoxia and hypoxia respectively (Fig. 2B) . As expected of a mature transcript, ADM
260
FL was found both in the nucleus and in the cytoplasmic fractions (Fig. 2C) . However, more respectively. This data suggested that ADM I1-3 is an unspliced ADM transcript that is 266 restricted primarily to the nucleus (Fig. 2D) . Additionally, we measured the total levels of ADM 267 transcript (using primers located in exon 4) and found that more ADM transcripts were 268 localized to the cytoplasm, with the cytoplasmic to nuclear ratio of total ADM being 1.33 269 under normoxia and 1.9 under hypoxia (Fig. 2E ). In addition, we did not detect a signal by 270 qPCR in our nuclear or cytoplasmic fractions in which we excluded reverse transcriptase from (Fig. 3C ).
283
Using RT-qPCR, we found that hypoxia induced the expression of both the ADM FL and I1-3 knockdown reduced the ADM FL/I1-3 ratio to 9.9 whereas HIF2 knockdown increased the 291 ADM FL/I1-3 ratio to 12.9. This is likely because ADM is a common HIF1 and HIF2 target 292 gene. This data suggested that HIF activity, but not hypoxia per se, is necessary for hypoxia-293 induced pre-mRNA splicing of ADM.
294
HIF activity is sufficient for increased splicing of ADM pre-mRNA. 295 Next, we determined if HIF activity is sufficient for increased splicing of ADM pre- (Fig.5B, bar graph) . In contrast, the CA9Pm2HRE/ADM reporter was not induced by
350
HIF1α or HIF2α, nor did HIF1α or HIF2α alter the ADM IS/IR ratio. IS/IR ratio to 9.85 or 19.73 respectively versus 3.31 for the His vector (Fig.5C, middle) . In 361 contrast, the PAI1PmHRE/ADM reporter was not activated by HIF1α or HIF2α, nor did HIF1α 362 or HIF2α significantly alter the ADM IS/IR expression ratio (Fig.5C, middle left) . (Fig. 6A) . To facilitate the detection of these hybrid proteins, 389 2xFlag tag was added at the C-terminuses of these constructs (Fig.6A) . As determined by control, although the constructs were able to activate the reporter similarly (Fig. 6C) . In 399 addition, HIF2α and HIF1αDBD/VP16 only increased the ADM IS/IR ratio slightly (Fig. 6C) .
400
In addition, the above-described fusion constructs were able to activate the 401 PAI1P/ADM reporter in Hep3B cells (Fig. 6D, ADM total) . HIF1α activated the reporter 1.96 402 fold whereas HIF2α activated the reporter more than any other expression plasmid, 8.84 fold.
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and HIF1αDBD/VP16 increased the ADM IS/IR splicing ratio to 13.3 and 9.85 respectively 410 versus 7.5 for the His control (Fig.6D) . Furthermore, the fusion constructs were also able to HIF2α or USF2 RNA, we found that HIF2α transfection increased HIF2α mRNAs levels 18.31 428 fold and USF2 transfection increased USF2 levels 105.94 fold above the His vector (Fig. 6E,   429 top). As determined by RT-qPCR using reporter specific primers that detect total reporter 430 specific ADM transcripts, we found that HIF2α activated the PAI1P/ADM reporter 3 fold 431 whereas USF2 activated the reporter 2 fold compared to the His vector (Fig. 6E, 
respectively while USF2 induced the expression of ADM IS and IR 5.2 and 1.9 fold 434 respectively. Thus, HIF2α or USF2 increased the ADM IS/IR ratio to 9.13 or 3.71 versus 1.42 435 for the His control (Fig. 6E, lower panel) .
436
To further validate that transcription activation of ADM was sufficient to promote 437 splicing of ADM pre-mRNA, ADM splicing reporter was placed under the control of a 438 promoter containing 5 copies of the Gal4 DNA binding element (Fig. 7A) . In addition, fusion 439 constructs containing the Gal4 DNA binding domain fused to the transactivation domains of 440 normoixa active HIF1α, normoixa active HIF2α, VP16, or E2F1 were generated (Fig.7A ).
441
Therefore, the Gal4 DBD fusion constructs are expected to activate the G5P/ADM splicing 442 reporter but not endogenous HIF target genes. Next, we co-transfected Hep3B cells with the 443 G5P/ADM splicing reporter and the Gal4 DBD fusion constructs. An anti-gal4 western blot 444 indicated that the fusion constructs expressed proteins as expected (Fig. 7B) . Using RT-445 qPCR to assess activation of the G5P/ADM reporter, we found that the Gal4 DBD did not 446 significantly activate the reporter above the His control (Fig. 7C, ADM total) . In contrast,
447
Gal4/HIF1αTAD, HIF2αTAD, VP16TAD, and E2F1TAD were able to activate the reporter 448 16.4, 4.05, 71.4 and 66.75 fold respectively (Fig. 7C, ADM total) . Moreover, the Gal4 DBD 449 expression plasmid did not alter the expression of ADM IS and IR transcripts and did not 450 change the ADM IS/IR ratio (Fig. 7C) . However, the Gal4/HIF1αTAD expression plasmid 451 increased the expression of ADM IS and IR by 80.95 and 3 fold and also increased the ADM 452 IS/IR ratio to 45.98 from 2.26 for the His vector (Fig.7C) . Similarly, the Gal4/HIF2αTAD 453 expression plasmid increased the expression of ADM IS and IR by 12.3 and 2.35 fold and 454 increased the ADM IS/IR expression ratio to 8.58 (Fig.7C) . Also, the Gal4/VP16TAD ADM IS/IR ratio to 39.4 (Fig. 7C) . Moreover, the Gal4/E2F1TAD expression plasmid (Fig.1) . Furthermore, the FL and I1-3 isoforms, but not 466 the I3 isoform, are the predominate isoforms expressed in normoxic cells (Figs 1 and 4) . To To address the molecular mechanism concerning preferential induction of ADM FL
480
RNA under hypoxia, we first tested the hypothesis that ADM I1-3 transcripts are selectively 481 degraded during hypoxia. However, we found that ADM FL is even less stable than the ADM 482 I1-3 isoform, suggesting that differential transcript stability does not account for the hypoxia 483 induced ADM FL/I1-3 ratio increase. Furthermore, we found that the both ADM I1-3 and FL 484 transcripts are very unstable both under normoxia and hypoxia ( Fig.2A) , a result consistent 485 with a previous report that demonstrates similar patterns of ADM mRNA degradation (24).
486
Since there are significant amounts of ADM FL and I1-3 in the nucleus, one possibility is that future, it will be interesting to address why ADM transcripts are so unstable.
490
After establishing that increased splicing of ADM pre-mRNA is responsible for the 491 increased ADM FL/I1-3 ratio under hypoxia, using the endogenous ADM gene (Figs. 3 and 4) 492 as well as ADM splicing reporters (Fig.5) , we determined that HIF activity, but not hypoxia per 493 se, is necessary and sufficient to regulate hypoxia induced splicing of ADM pre-mRNA.
494
Furthermore, we determined that transcription activation of ADM is necessary and sufficient 495 to regulate splicing of ADM pre-mRNA independent of endogenous HIF target gene activation more than HIF2α, HIF1α also increases the ADM IS/IR ratio more than HIF2α (Fig. 5B) 
or if
517
HIF2α activates the reporter more than HIF1α, HIF2α also increases the ADM IS/IR ratio 518 more than HIF1α (Fig. 5C ). In summary, these findings indicate that transcription activation 519 strength regulates pre-mRNA splicing efficiency of ADM independent of promoter differences.
520
These findings are novel and in contrast to what have been observed for alternatively spliced 521 genes. For instance, previous studies suggest that differences in promoter structure lead to 522 differences in alternative splicing of particular transcripts, however transcription activation 523 strength is not responsible for this effect (35-37). It is not clear why our results differ from 524 previous studies. We speculate that these differences may be due to the fact that we studied (Fig. 6C) . Furthermore, Gal4/HIF1αTAD is also a stronger inducer of ADM IS than 537 Gal4/VP16TAD or Gal4/E2F1TAD although Gal4/VP16TAD or E2F1TAD activate the 538 G5/ADM reporter more than Gal4/HIF1αTAD (Fig. 7C) . It is not clear why HIFs are more 
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In summary, we demonstrate for the first time that HIFs enhance pre-mRNA splicing 552 of ADM in addition to regulating ADM transcription. In the future, it will be interesting to 553 assess whether other HIF target genes also express intron-retaining or exon-skipping 554 isoforms under normoxia and whether HIF promotes RNA splicing of additional HIF target 555 genes. In addition, it will be interesting to know if activation of other HIF target genes will lead 556 to increased RNA splicing independent of endogenous HIF target gene activation. RNA in which all three introns are retained. I2 or I3 refers to ADM RNA retaining intron 2 or 3.
688
In the RT-qPCR panel, the numbers next to the sample labels represent the expression ratio 
